Introduction
When a shock wave moving through an isentropic ideal gas catches up with, and passes into a simple expansion wave, the shock decays. Because of this the gas will not be isentropic in the region behind the shock. The problem of determining the motion of the gas in this region is as yet unsolved. In this paper we introduce a simple compression wave behind the shock which catches up with it at the instant of its entry into the leading expansion wave. This second wave is chosen so as to counteract the decaying effect of the first, and keep the shock strength constant throughout the motion. We assume the first wave to be point-centred, and caused by the withdrawal of a piston at a finite velocity from a gas at rest in a shock tube. After a finite time the piston is halted causing the shock. The problem is then to determine the subsequent motion of the piston to produce a compression wave with the desired property.
The gas equations
For simplicity we take the gas to have adiabatic exponent 5/3. The three possible types of one-dimensional isentropic gas motion are then as follows (1).
(i) Steady motion. This is characterised by u = constant and c = constant, where u and c are the gas velocity and the sound speed respectively.
(ii) Simple waves. These are regions in which either r = constant or 5 = constant where r and s are the " Riemann invariants " defined by
(iii) General Motion. Here r and s are constant along the respective characteristics dx . In such a region the particle paths satisfy the condition where
The shock conditions
We use subscripts b and/"to denote the values of the variables on the back and front of the shock respectively. Then the shock strength z> 1 is defined by and the speed of the shock itself is given by When a shock moves into an isentropic gas, the region behind the shock will also be isentropic only if z remains constant throughout the motion. When this happens, A, B, D are constant, and (3) becomes a differential equation for the path of the shock. Equations (2) now give the boundary condition along this path which enable us to determine the region behind the shock.
The solution of the problem
The various regions of the flow are shown in fig. 1 . Henceforward, numerical suffices will refer to the corresponding regions in the figure, capital letters to the THE PROPAGATION OF A CONSTANT STRENGTH SHOCK 279 respective points. At t = 0, the gas is at rest with c -c 0 in the region x^O of the x/-plane. The piston is then withdrawn at a speed less than the critical speed, 3c 0 , at which a vacuum would form between piston and gas-front, to the point ( -x A , t A ) where it is halted. We introduce a dimensionless constant
which, by the above condition on the speed, must be greater than $, and the dimensionless variables w From A, the shock AB moves into the gas bringing it to rest in region (3). Thus from (2) This in turn gives us the co-ordinates of the point B as
The point C at which the piston is to be restarted is determined by the fact that CB is to be an /"-characteristic since the compression wave caused by restarting the piston must catch up with the shock at B. Thus the line CB is from which C is found to be the point
The shock now moves into the simple wave. Since we assume the shock strength to remain constant, the differential equation for its path becomes where a = (/J-l)~1 = 4(Z>-I)"
1 . Here we see that the shock will pass through the simple wave in a finite time.
Beyond D, the shock is moving into the gas at rest. It is therefore a straight line given by We now consider the flow behind the shock. We have already seen that region (3) is a rest region while region (4) is a simple compressive wave with j 4 constant. Similarly region (7) -6bR 4 S% + 3 + constant .. . (7) and this, together with (6), gives the parametric equation for the particle paths. The particular value of the constant in this equation needed to give the piston path is found since this path passes through the point C at which i? 4 = R 3 and t = t c . Once this is known the coordinates of the point F can be found, and hence also the value of the constant in (5) corresponding to the piston path through region (5). This in turn enables us to find the coordinates of G. Region (6) is a simple wave which may be solved in a similar fashion to region (4). Corresponding to (6) and (7) we have and the point H is the intersection of this line with the piston path in region (6). Finally the piston path beyond H is also a straight line given by
x-x B = A(t-t H ).
In illustration, we list the coordinates of the various points in fig. 1 for different values of the shock strength z. Fig. 1 is approximately to scale for z = 11.
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